The relationships between genotype and placental traits, parity and litter weight (LW), and factors affecting these characteristics were investigated in this study. In total, 112 ewes (Romanov crossbred and local breeds) were utilized. One-way ANOVA was used for statistical comparison, and a Pearson correlation was used to determine the relationships between the variables. Significant differences in parity weight within genotype and breed have been determined. A negative correlation was revealed between placental weight (PW) and placental efficiency (r = −0.743, P < 0.01; and r = −0.732, P < 0.01). There was no relationship between litter sex and placental traits. Birth type had a significant effect on PW (P < 0.05), and significant differences within sex-birth type interactions occurred (P < 0.05). The results of the present study have shown a positive correlation between cotyledon density and placental efficiency among all genotypes and breeds that were used in the study. In conclusion, it has been determined that placental traits were affected by LW and Romanov crossbreed ewes had greater PW than local breeds. Further studies are required to investigate the relationship between parity and placental traits in sheep.
INTRODUCTION
Neonatal mortality is an important indicator for sustainability and profitability of a livestock enterprise and varies in different countries between 7 and 51%. Previous work in sheep has demonstrated that placental insufficiency is one of the pathophysiological stages that predispose newborn farm animals to death (Mellor and Stafford, 2004) . A small placenta in sheep impedes oxygen supply to the fetus and causes chronic fetal hypoxemia, which, in turn, chronically elevates plasma lactate concentrations and the hematocrit (Mellor, 1983 (Mellor, , 1988 . A small placenta also restricts nutrient supply, leading to low fetal plasma glucose and fructose concentrations and reduced fetal growth rates Murray, 1981, 1982; Mellor, 1983) . These are well-established effects of placental insufficiency in fetal lambs (Mellor, 1983 (Mellor, , 1988 .
In the third trimester of pregnancy ovine fetal growth is affected by maternal nutrient supply (Mellor, 1983) , by uterine blood flow to the placenta (Lang et al., 2003) , and the placental capacity for nutrient transport (Bell, 1987) . The weight of the placenta becomes increasingly important in explaining the variation in fetal weight (FW) in late gestation compared with mid pregnancy (Greenwood et al., 2000) , which demonstrates the importance of placental function for sustaining the growth of the fetus in late gestation. Thus, the placenta plays a pivotal role in ensuring adequate fetal growth in late gestation. Madibela (2004) also reported that the placenta is well recognized as determinant of fetal growth rate.
Previous studies have indicated that litter size and weight affect placenta weight and surface area of cotyledons (Kaulfuss et al., 2000) . We hypothesized that differences in placental traits would occur between genotypes, breeds, and litter size. Thus, the objective of this study was to investigate the affected factors of cotyledon number (CN), placental weight (PW), placental efficiency (PE), and cotyledon density (CD) in Romanov crossbred and local sheep breeds. 
MATERIALS AND METHODS
The study involved 112 ewes over the 2008 lambing season and was conducted at the Research Farm of the College of Agriculture, Ataturk University, Erzurum. There was no need for animal care/use committee approval for this experiment because neither surgery nor other types of physical manipulations were applied to the sheep.
Breeds of ewes consisted of Romanov × Morkaraman (RM = 22), Romanov × Awassi (RA = 22), Tuj (T = 22), Morkaraman (M = 24), or Awassi (A = 22). There were 47 singleton (RM = 10, RA = 12, T = 14, M = 16, and A = 12), 35 twin (RM = 11, RA = 10, T = 7, M = 8, and A = 10), and 2 (T = 1, RM = 1) triplet pregnancies. To analyze the effect of genotype on singletons, twins, and triplets separately, frequencies of birth type within genotypes were calculated and analyzed with the chi-square test. In Turkey, nearly 90% of sheep are fat-tailed. Morkaraman sheep are the most numerous and make up nearly 65% of the total sheep population, whereas the T makes up a small portion (0.05%). This breed is known for hardiness and adaptation to marginal conditions that are reflected in small size, poor reproductive efficiency, and low milk and wool production. The A breed is a predominant dual-purpose, fat-tailed sheep breed of the Middle East. Awassi sheep are well-adapted to harsh environmental conditions, especially those related to the scarcity of feed and high environmental temperatures. Productivity of unimproved A sheep under extensive management conditions tends to be poor. The A sheep mate primarily during the period of May to July (beginning of summer) and produce about 1.05 lambs per ewe. The R is known as one of the most prolific breeds such as Finnsheep, Booroola Merino, Barbados Blackbelly, and British Milk Sheep. The R has been introduced (1960s) in crossbreeding activities worldwide to take advantage of its increased ovulation rate, increased litter size, and increased survivability of its offspring.
The study flock was on pasture during gestation and was given supplemental feed only as needed to meet their nutritional requirements. For 30 d before insemination and for 6 wk before the expected lambing date, ewes were offered a concentrate of 500 g/ewe daily and dried grass hay at 1.5 kg/ewe daily. Water and mineral licks were available ad libitum. Ewes were treated for parasites, vaccinated against type C and D enterotoxemia, and given vitamins A, D, and E (Coglavax, Ceva Animal Health, Libourne Cedex, France). All the animals were housed and raised under the same conditions.
All ewes were bred by AI. At 40 d of gestation, all the ewes were examined for the presence of fetuses by using a real-time Ultrasound Scanner system equipped with convex array 5.0-MHz transducer (Draminski, Animal Profili, Olsztyn, Poland) . Approximately 3 d before the expected parturition date, ewes were placed in individual, straw-bedded lambing pens and were under 24-h video surveillance. They were given access to hay and fresh drinking water ad libitum. All lambs were weighed within 1 h after birth, using suspended scales with a range of from 0 to 20 kg, to record FW in grams. Placentas were collected immediately after delivery and weighed fresh in digital scales. The CN from each delivered placenta was counted and recorded. The placental traits (PW and CN) were measured after the delivery of the placenta. Placental efficiency was defined as the ratio of total lamb birth weight (g) to PW (g; Molteni et al., 1978) . Cotyledon density was defined as the number of cotyledons per gram of PW. Cotyledon density not only indicates the weight of each cotyledon, but also the average cotyledon weight, and the weight of the chorioallantoic tissue.
Effects of genotype, sex (male/female lamb), birth type (birth type here refers to single, twin, or triplet Means within a column lacking a common superscript are different (NS = not significant, **P < 0.01).
1 LW = litter weight, g; PW = placental weight, g; PE = placental efficiency; CN = cotyledon number; CD = cotyledon density; RM = Romanov × Morkaraman; RA = Romanov × Awassi; M = Morkaraman; T = Tuj; A = Awassi. 
RESULTS AND DISCUSSION
The ANOVA method was utilized to determine the differences among genotypes in terms of the selected variables to eliminate the effect of age on parity weight, and an age factor was used as a covariate (age = 3.6182 yr). There was no difference for litter weight (LW), PW, PE, CD, or CN between genotypes (P = 0.05); however, parity weight (Table 1) was affected by genotype (P < 0.01). Because genotype factor did not affect the LW, PW, PE, CD, and CN, genotype was used as a covariate (genotype = 3.6 yr) to eliminate its effect on LW, PW, PE, CD, and CN for sex, birth type, and interaction for placental traits. Thus, effects of sex, birth type, and interaction were obtained more reliably. Placental weight was found to be greatest for RA ewes, and CN was greatest for T ewes ( Table 1 ). The effect of sex of lambs on placental traits was not significant. Male lambs had the greatest LW, whereas PW was the greatest for female lambs.
To analyze the effect of genotype on singleton, twin, and triplet pregnancies, frequencies of birth type within genotypes were calculated and analyzed with the chisquare test. Results of chi-square tests showed that the effect of genotype was statistically significant on singleton and twin pregnancies (P < 0.01, M: 66.7%; RA: 54.5%; T: 63.6%; A: 54.4%; RM: 45.5%; M: 33.3%; RM: 50%; RA: 45.5%; A: 45.5%; and T: 31.8%), respectively. The effect of the genotype on triplet pregnancies was not significant (P > 0.05, RM: 4.55% and T: 4.55%).
Placental traits were not affected by fetal sex (P < 0.05, Table 2 ). Descriptive statistics for birth type are listed in Table 3 . The effect of birth type on LW (P < 0.01), PW (P < 0.05), PE (P < 0.05), and CN (P < 0.01) was significant, but no effect was found on CD (P = 0.05). There were differences for CN between birth type and sex (Tables 3 and 4 ). The effect of birth type (litter size) on LW (P < 0.01), PW (P < 0.05), PE (P < 0.05), and CN (P < 0.01) was significant, but no effect was found on CD (P < 0.05). Significant interaction for sex × birth type on LW (P < 0.01), PW (P < 0.01), PE (P < 0.05), and CN (P < 0.01) has been determined (Table 4) . Positive correlations were identified with LW and PE (r = 0.377; P < 0.01) and with CD and PE (r = 0.828; P < 0.01). A negative correlation was calculated for the CD and PW (r = −0.732; P < 0.01, Table 5 ). A positive relationship between CN and PW was also determined.
Pearson correlation coefficients of placental traits for RM, RA, M, and T genotype are set on Tables 6, 7, 8, and 9, respectively. A positive correlation between LW and PE (r = 0.892; P < 0.01) and LW with CD (r = 0.710; P < 0.05) was calculated. On the other hand a negative correlation between CD and PW (r = −0.848; P < 0.01) and a positive relationship between CD and PE (r = 0.812; P < 0.01) was determined for RA ewes (Table 7) .
A positive relationship was calculated between LW and CN (r = 0.521; P < 0.05), CD and PE (r = 0.854; Means within a column lacking a common superscript are different (NS = not significant; *P < 0.05; **P < 0.01).
1 AFW = average fetal weight, g; PW = placental weight, g; PE = placental efficiency; CN = cotyledon number; CD = cotyledon density. a-c Means within a column lacking a common superscript are different (NS = not significant; *P < 0.05; **P < 0.01). 1 LW = litter weight, g; PW = placental weight, g; PE = placental efficiency; CN = cotyledon number; CD = cotyledon density. 1 LW = litter weight; PW = placental weight; PE = placental efficiency; CN = cotyledon number; CD = cotyledon density. *P < 0.05; **P < 0.01. 1 LW = litter weight; PW = placental weight; PE = placental efficiency; CN =cotyledon number; CD = cotyledon density.
*P < 0.05; **P < 0.01.
Comparison of placental traits in sheep P < 0.01), and LW and PW (r = 0.551; P < 0.05), and a negative correlation was calculated between CD and PW (r = −0.751; P < 0.01) for M ewes. Litter weight had an effect on PE (r = 0.444; P < 0.05). A negative correlation was calculated between PE and PW for A ewes (Table 10 ). There was a negative correlation between CD × PW and a positive correlation for CD × PE (Table 11) , except in the A breed. Different relationships were determined for CD × CN in different genotypes; however, correlation coefficients were not significant for genotypes. A positive correlation was calculated for LW × CD in RA and negative correlation for LW × CD in M and A genotypes; LW × PW and LW × CN correlations were found only for M ewes (P < 0.05, Table 11 ). The present study was aimed at characterizing relationships between placental traits in different sheep breeds. Placental traits were not affected by fetal sex, and results obtained on the relationships between fetal sex and placental traits (PW, PE, CN, and CD) are in agreement with previous studies in beef cattle (Echterncamp, 1993 ). Litter weight is positively correlated with PE (r = 0.377; P < 0.01) and was greatest in local breeds (M and A). Total LW of single males was greater than that of others. It has been previously shown that inappropriate maternal nutrition at key stages of pregnancy is one of the measurable factors leading to decreased LW (Robinson et al., 1999; Wallace et al., 1999) . Maternal nutrition and the size of the placenta are well recognized as determinants of fetal growth rate (Mellor, 1980) . Placental growth and development of its functional ability are important because they are the means by which the fetus receives metabolic substrates for growth. Knight et al. (1988) found that FW was strongly associated with placental traits such as PW. Uterine capacity has been defined in terms of the number of embryos the female can support at any stage (Mesa et al., 2003) or the total amount of placental mass or surface area a female can carry to term (Wilson et al., 1999) . Based on this notion of uterine capacity, our results indicate that PE and PW are more important for influencing litter size.
Crossbreeding experiments with R sheep provided examples of how uterine capacity (PW, PE, CN) could be increased. The greatest PW and PE were found in R crossbreeds. This may be explained by the high prolificacy characteristics of the R breed, which is well known for these maternal traits. Placental weight and CN was found greater in triplet and smaller in single and twin lambs, which explains that litter size has an increasing effect on PW and CN. These results are consistent with the finding of Wilson et al. (1999) , who reported that crossbreeding studies with R on components of litter size resulted in greater changes in CN and PW. There was a significant increase in CN with triplets over singleton or twin pregnancies. The effect of litter size on the number of cotyledons may be due to increased recruitment of caruncles during placental development in multiple pregnancies. Twinning increased PW; however, CN per placenta tended to be less, which is consistent with the same findings determined by Stegeman (1974) . Placental weight tended to be affected by the same fac- tors that influenced LW, although neither the sex nor the genotype had a significant effect on PW. Although PW increased with litter size, PE in each lamb declined markedly with increase in litter size. Therefore, it is likely that triplet fetuses experience some degree of placental insufficiency in comparison with twin and single lambs. In the present study, significant differences were found for CN between sex and birth type, which was also determined by Konyalı et al. (2007) in goats. The increase in CN with multiple births may arise because ewes with a small number of caruncles in the uterus are incapable of carrying more than single fetuses or because of differences in cotyledon recruitment with litter size. Studies of seasonal changes in placentation indicate that caruncle occupancy can vary between 79 and 88% of available sites (Dwyer et al., 2005) . Similar research conducted by Dwyer et al. (2005) on Blackface and Suffolk sheep demonstrated that PW increased from single to twins and indicated that placental traits show differences among genotypes. In the same study they determined that PW has a negative relationship with PE (Dwyer et al., 2005) . These results are in agreement with our findings.
There was an effect of birth type on PW and differences within sex-birth type interactions. Differences were found between single male, female, and twin male, whereas the differences between sexes were insignificant. This indicates that PW, PE, and CN are affected by the birth type rather than sex of the lambs. Positive correlations between LW and PE obtained in the study are in agreement with previous studies in beef cattle, goat, and sheep (Echternkamp, 1993; Dwyer et al., 2005; Konyalı et al., 2007) . Placental efficiency was developed as an indicator of uterine capacity (Wilson and Ford, 2001) . Placental efficiency has been used commonly for larger birth type species such as pig and sheep (Mesa et al., 2003; Dwyer et al., 2005) . The results of the present study indicate that small placentas are more efficient than large placentas, and large placentas probably require more nutrients (Mesa et al., 2003; Dwyer et al., 2005) . Also, PE was found significant for birth type, which supported the findings of Dwyer et al. (2005) . Our results indicated a positive correlation between CD and PE. Our data demonstrated that, despite differences in PW, parity weight was found to be important within genotypes.
In conclusion, Romanov crossbred ewes showed greater PW than local breeds. Our data showed differences in parity weights with genotype and breed. The data from multiple litters support the idea that parity weight has considerable importance for the PE. Placental traits are also significantly affected by birth type. Finally, the result of the present study has determined a significant positive correlation between CD and PE among all genotypes and breeds that were used in the study. Further studies are required to investigate the relationship between parity and placental traits in sheep.
